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1  DiWfinMi  of  alacU-caagnatU  radiation  fro*  radar  transmitters 

with  slaatraaio  eonputiag  Aesioas  nay  iatrodaaa  error*  into  oo^jutstlona 
I  '  which  ara  os  ad  In  soajwetiaB  with  artlll ary  and  nltalla  firing.  Con- 

P  ditlaae  of  flail  operation  ®gr  "‘oqulr*  that  oonpctlng  eq'olpncnt  t>« 

hew**  In  shelters  that  oaa  ba  eoTtd  u  «  ;Alitary  situation  raquirae. 
This  report  dlaeusaas  th*  drralapnot  of  por’*hi#  shaltora  which 
incorporate  la  their  Amrtja  tha  feature  of  shielding  oleotroeagpetlo 
radiation  of  nlirwaate  fraqaanalM.  Tha  shielding  la  also  ana  assary 
la  enter  to  pretest  operating  personnel  tram  tha  high  Intensity 
>  energy  which  Is  eharaeteristlo  of  sons  of  tha  aswar  daralop— its  la 

4  radar. 

Tha  cooperation  of  personnel  la  bath  tha  Tan  logs  and  Mjulpace 
Branch  and  tha  Tortile  ^yelag  laboratory  Braanh  was  essential.  In 
addition  to  tha  authors  Mssmts  lonway  Wr  UeUtart,  Allan  X.  Moody, 
Chaatar  C.  Haaaa,  and  rlilian  T,  Moras  wads  Important  eostriemtiona 
to  tha  study. 
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ABSTRACT 


\ 

irCTWrflw  varioui  ateps  in  the  development  of  a 
design  for  poptj^le  rhelters  which  afford  shielding  from  microwave 
radiatioi^rhe  shelters  were  designed  to  houao  electronic  computing 
devices  and  operating  personnel  in  proximity  to  radar  transmitters. 
Shielding  from  microwave  radiation  is  necesaarj  to  prevent  Interference 
and  consequent  malfunction  of  electronic  equipment  and  to  insure  eafety 
to  operating  parsoru1®^* 


Reflectivity  to  microwave  radiation  vao  measured  for  several 
flexible  materials.  A  silverlsed  nylon  fabric  and  aluminized  polyeater 
film  were  found  to  be  more  effective  in  reflecting  the  energy  than 
the  other  rater!  als  studied. 


A  scale  model  of  the  shelters  was  constructed  of  materials 
suggested  for  uae  in  the  final  design.  The  model  was  submitted 
for  evaluation  to  a  field  type  test  to  determine  levels  of  attenua¬ 
tion  within  the  shelters  when  illuminated  with  miercr-ave  radiation 
at  tiiree  frequencies.  It  waa  fo'ind  that  leaJcage  at  over-lapping 
joints  limited  attenuation  to  an  average  of  about  LO  dfc  for  L  band. 
33  db  for  "9"  band,  and  26  db  for  *x*  band. 

Designs  are  suggested  for  improving  the  closure  at  over-lapping 
Joints  which  should  raise  the  lev«l  of  attenuation. 
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Part  It  Kloctroacgnet.ic  Shielding  for  Shelters 

Alvin  0.  Beasley 


1.  Introduction 

The  Quartermaster  Research  and  lift nearing  C — 1  mi  requested 
through  a  transfer  of  funda  from  Roaa  Air  Dvelopaent.  Coawnd,  to 
con* true  t  four  oh  altera  for  housing  oparctlonal  electronic  equipment. 
In  the  field  this  equipaent  la  often  uaed  la  proximity  to  radar  trans¬ 
mitters,  which  aajr  interfere  with  the  proper  functioning  of  the  elec¬ 
tronic  equipaei  t  in  the  shelters.  The  Air  force  had  requested  that 
"maximum  electrictl  shielding'  be  provided  to  aeeure  that  Interference 
froe  the  radar  transmitter  be  held  to  sufficirnitly  low  love  la. 

I i*nar  aignela  conalat  of  aicrowava  radiation  which  coayirlaes  the 
region  of  the  slectrnasgnstlo  spec  true  between  radio  wevee  end  In¬ 
frared  radiation.  Partiona  of  the  spectrum,  e.g.,  infrared,  via  lb  le, 
x-ray,  and  radio  wavea,  have  beceaa  rmcoguiied  aa  diet! act  fields 
of  study.  However,  all  elec troatfgne tic  radiation  obey*  the  aaae  baeic 
laws  of  propagation,  re/recUon,  reflection  and  differ  froa  one  area 
to  another  only  in  frequency  and  wavelength  and  the  Manner  in  which  the 
radiation  internet*  with  natter.  Delineation  of  the  various  reflow 
has  cone  about  primarily  because  different  aethode  are  required  far 
their  production  end  detection.  These  different  techniques  stme  free 
the  aeohanlsme  by  which  radiation  in  various  wave  length  regions  of  the 
spectrum  Interacts  with  natter. 

A  uuaaary  of  the  differences  between  various  spectral  rugloaui  la 
regard  to  wavelength  end  the  Banner  of  Interaction  with  natter  Is  shewn 
In  Table  I.  Since  considerable  o  sr-lapping  of  wavaleagtfce  from  one 
region  to  another  and  interactions  In  cachMtiaae  occur,  the  tabulation 
is  only  approximate. 


Table  i/ 


Influence  of  Various  Spectral  legions 


Spectral  Region 


Al°g  1 


- 

X-rey» 

10-0 

Ultraviolet 

10~6 

Visible 

l*  „ 

Near  infrared 

7  x  10-5 

Infrared 

2.5  x  10-1* 

Per  Infrared 

2.5  x  10-5 

Microwave 

5  x  10-2 

10-8 

10-6 

b  X  10-> 
7  x  1(^5 
i !.S  X  loJ* 


5  x  10-2 

1200 


Reeponee  of  Hatter 
Rue leer  vibration 
Inner  electrons 
Valence  electrons 
Valence  electrons 
Overtones  of 

vibration 

Molecular  vibration 
Molecular  rotation 
Molecular  rotation  end 
polarisation 


T«fcl»  n  list*  th«  various  frequency  bands  for  radar  coaannl.y  in  uaa. 
By  comparison  tha  fraquaney  of  flaibla  light  is  hPO  -  800  aaga-aagacyclst. 
par  sscond. 


Tabla  II  i  PaalgTatic  >■  and  Awcarlaatt  ggactroscoglc  Propartlaa  of 
7ariou*~£*t  rr  Knia 


TrtQWAcy 

Wavelength 

Alternate 

Band 

(■C/Mc) 

Cm) 

Designations 

P 

25-39 

770  -  1200 

10  aatar  band 

L 

39  -  1550 

20  -  770 

1  aatar  band 

a 

1550  -  5200 

5.8  -  20 

10  centlaata?  band 

X 

5200  -  11,000 

2.7  -  5.8 

3  can  tin*  tar  band 

i 

11,000  -  30,000 

1  -  2.7 

1  centimeter  band 

■i  Hina  tar 

30,000  -  600,000 

0.05  -  1 

aHJlaster  band 

Radar  signals,  which  oparata  in  tha  *i erarova  region  of  tha  alactro- 
■agnatic  apoctrua,  traval  in  straight  linas  at  tha  spcad  of  light.  Thay 
nay  be  faflactad,  abacrbad,  or  tranaaittad  at  tb*  curfsca  of  tha  ahaltar 
in  a  nurrrtr  latlogom  to  Tlaibla  light.  Only  that  portJ.oc  of  tha  incidant 
radiation  tdtlch  is  traaaaittad  can  intarfara  with  instnaanta  within  tha 
ahaltar.  Consaquantly ,  ahialding  will  ba  possible  only  if  tha  signal  la 
aL  nor  bad  or  raflactad.  In  diseusaions  with  par  normal  of  tha  Xnglnsar 
Raaaarch  and  Dsrtlopaazrt  Laboratories  It  toon  bacaaa  apparent  that  shlald- 
lng  of  alactronic  aqulpaant  could  baat  ba  accomplished  by  reflection. 

Uaa  of  absorbing  ayataaa  would  ba  unaeonoadcal  in  taraa  of  aooay,  walght, 
and  bulk.  This  part  of  tha  report  ccnalata  of  an  axawination  of  a 
nuaber  of  aateriala  with  raspact  to  reflectivity  at  various  frequencies 
of  microwave  rMieiion. 


2.  tjpcrlnautal  obaerratloaf 


At  our  request  reflet  times  cf  a  aarlas  of  fabric*  and  ralatad 
aatcrlale  wara  aada  by  XSOL  personnel  at  3  m  and  by  th<*  group  at  tha 

Naval  Raaaarch  Laboratory  at  10  ca.  Thai*  ara  auaaarisad  in  Tabla  III. 

Tabla  lilt  Reflectance  it)  at  Two  Wavelength*  and  Direct  Current  Baaiataaca 

of  Sorwn  Fabric  SyrU-n 

Fabric 

3  can 

10  am 

d.  c.  raaiatanoaaa 

1. 

Swift  fabric  -  silver  on  nylon 

95 

100 

0.8 

2. 

Carbon  black  on  cotton  aataan 

<1 

<1 

viol 

3. 

Cardad  cotton  sateen,  00  107 

<1 

<1 

1». 

Cotton  (heating  with  ncma 

<1 

<1 

>107 

dapoaitad  aluainua 

5. 

Cotton  drill  with  *aHlua* 

<1 

<1 

>107 

6. 

Vacuus  alualnised  mylar 

95 

100 

k.0 

7. 

Aluainua  foil  bonded  to 

95 

100 

0.1 

papar  and  nylon  aaah 

•  Raflectanca  relative  to  a  solid  sheat  of  iron  aa  100%. 
e*  Ohaa  i.»-  squara. 


iUflBC  tancaa  of  12  fabric  ays  tarns  war*  ntasured  at  three  frequencies 
1000  ,  3000.  «"d  10,000  megacycles  by  Pickard  and  Burnt,  Veedhan,  Nataachuaetta 
wider  cont  m.t  yith  the  OflBX Canaad.  Thai*  data  represent  aeasurenents 
of  nlcrowaTf;  snergy  reflected  free  a  staple  Illuminated  at  narnal  incidence. 
Tablt  17  iwarliu  tha  data  obtained  on  the  12  staple*.* 

Tabla  I? r'  Hjcroware  HaflactlTity  of  Twin  fabric  Byrtena  at  Three  Frequencies 


Staple 

No. 


Description 


Parent  Power  Reflected 
■L*  n*an  *y  miD  «i»  BAim 
1,000  me/a  3.090  ac/s  10,000  nc/ 


1. 

Aluainised  Mylar  on  Poplin. 

100 

100 

100 

2. 

Aluainua  Poll  on  Serin. 

100 

100 

100 

3. 

Carbon  Black  on  Dynel. 

0 

0 

0 

1. 

Alunlnun  foil  on  Paper. 

100 

100 

100 

5. 

Alunlnlted  Mylar  on  Sheeting. 

100 

100 

95.5 

6. 

Vacuun  Aluainised  Cotton  Sheeting. 

0 

0 

0 

7. 

Swift  Cloth  (Silrer,  Parachute  nylon) 

100 

ICO 

100 

8. 

HUlun  on  Cotton. 

0 

0 

0 

9. 

Alunlnlted  Coated  Nylon. 

0 

10 

67 

10. 

Aluainised  Rubberised  fabric. 

0 

•o 

11 

11. 

Aluainised  Mylar  Alone 

100 

9k 

91 

12. 

Alunlnlted  Mylar  on  Paper. 

200 

100 

100 

The  ahaltare  art  designed  to  provide  a  high  order  of  theraal  lnaulutlon, 
for  which  purpaaa  a  double  layer  of  1  Inch  fiber-flaws  betting  dUbi  uaad. 
It  this  appears,  by  rafaranca  to  the  data  of  fable  IT,  that  placing  on* 
or  tm  layers  of  alualrvised  *yiar  batmen  the  layers  of  fiber-glass  should 
bo  affacTiro  In  reflecting  incd.de.it  radiation.  Table' 7  (hoes  data  from 
Pickard  and  burn*  for  three  different  thicknaeeea  of  Mylar  file  which  had 
been  aluainlaed  and  a  nodal  of  insulating  batting  containing  a  double  layer 
of  aluainised  aylar  between  a  double  layer  of  the  fiber-glass.  Data  were 
also  obtained  on  double  thlckneseea  of  mylar  saap_aa  alone. 

Table  7»  Kicroware  Reflectlrlty  of  Three  Alunlftiaed  Wrlar  Pllae  of 


Sample 

No. 


Percentage  of  Power  Baflaotad 
*1*  men  "S"  BAND  "X*  BAND 

1.000  nc/o  3.000  nc/a  10.000  ne/ 


No.  Daacrlptlon  1,000  nc/o  3.000  nc/a  10,000  n 

1.  lA  nil  ifylar  1 Bb  $5  72* 

2.  1/2  nU  Hylw  100  95  .93 

3.  1  «U  Jtrlar  100  100  95 

h.  Aaaeabled  Batting  100  100  95 

5.  lA  all  Hflar  -  2  layare  100  95  72* 

6.  1/2  nil  Hylar  -  2  layers  100  95  93 

7.  1  nil  Jfrlar  -  2  layers  100  100  95 

*  '  Tha '  low  parcant  of  raflaetlTity  of  this  sa^>ls  at  Z-Band  la 

pr<  .ably  due  to  surfacs  abraj Ion  resulting  froe  r  cassire  flaking 
and  working  of  the  materials  and  consequent  wrinkling,  actual 
reflectance  is  probably  50  -  955* 

3 


I 


3.  Discussion  of  rsaultj 

Th»  results  of  all  thro#  *»-riea  of  maasureae.fi  ta  ladle  at*  that  rathar 
uniform  surfaces  of  high  sle-s’.-rioal  conductivity  )nn  the  property  of 
reflecting  microvmTw  rmdiotin.  In  Mva  referenced  letter  report,  from 
Pickard  and  Burn*  ,2  Olysn  suggests  that  Samples  5  and  11  exhibit  typical 
results  aa  a  .'one lion  of  frequency  for  materials  in  which  electrical 
conductivity  ia  a  lightly  laaa  than  ldaal.  Evidently,  the  conductivity 
of  these  sajqplaa  ia  laaa  than  for  Saa^lea  1,  2,  h,  7,  and  12  which  jrera 
reported  aa  having  lOOf  reflectance.  He  suggests  that  the  particulate 
nature  of  the  eltud.Ru*  deposition  mi  ruch  aa  to  produce  e  aec&ll  order 
of  non-uniformity  of  electrical  conductance  in  the  msrfaee,  The  neg¬ 
ligible  reflectance  of  samples  3,  6,  and  8  are  presumably  due  to. an 
even  lower  order  of  contlnoua  conduction  between  small  conducting  part- 
idea  ( tee  Table  III).  The  reaaone  for  the  ■snemdouj*  behavior  of 
Samples  9  and  1 0  are  not  clear  but  may  be  due  to  a  degree  of  continuity 
intermediate  between  the  •very  poor*  end  the  “rather  good*  (5  end  11). 

For  various  ‘practical11  reaaone  each  *s  cost,  availability  of  materials, 
comparative  ease  of  bundling,  resistance  of  microbial  degradation  and 
Influence  on  insulation,  a  model  alee  fhelter  wets  constructed  using 
the  fiber-glass/aluminliad  mylar  combination  described  above.  The 
dimensions  of  the  scale  model  were  1/bth  those  of  the  intended  else  of 
the  prototypes.  -  This  scale  model  shelter  haa  been  subadtUi  far  actual 
field-type  testing  by  Pickard  and  Buna.  The  design  and  construction 
of  this  prototype  model  dielter  la  described  in  Part  II  of  this  report. 
Evaluation  of  the  shielding  characteristics  of  this  shelter  are  reported 
by  Pickard  end  Bur  ns 3  and  summarised  in  Part  III. 

li.  Conclueicna 

Th®  data  presented  Jhsw  that  light  weight  material*  are  cnmwrcisAly 
available  to  enable  the  engineer  to  design  a  shelter  which  has  the 
desired  shielding  characteristics.  The  result*  of  the  study  show  that 
either  aluadLnised  mylar  or  aluminum  foil,  either  alone  or  bonded  to 
paper  or  fabric,  meet  the  electrical  requirements.  Furthermore,  the 
Swift  fabric,  allver  deposited  on  a  nylon  fabric,  is  also  satisfactory. 

It  la  concluded,  therefore,  that  by  using  any  of  the  above 
materials,  the  remaining  problems  are  of  design  and  production.  It 
wet  for  the  purpose  of  considering  this  aspect  that  the  seels  model 
was  constructed  end  tested. 
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Part  Hi  Description  <  ’  Tj*t  Ahalter 
PTank  0.  Jofcj'Ai  Alvin  0.  Baa el*y 

1.  Introduction  * 

Aa  •  raault  of  the  finding*  reported  in  Part  I  of  this  report,  a 
s aall  eodel  cf  a  shelter  was  constructed  for  submittal  to  a  field-type 
teat  of  radio  frequency  attenuation.  The  model  measured  6  feet  in 
width,  it  feet  in  height  and  6  feet  in  depth.  These  dimensions  ere 
about  ore  fourth  those  of  one  of  the  shelter*  under  consideration. 
Aluadniaed  mylar  file  was  used  as  the  reflective  element.  Tho  oravious 
results  indicate  this  Material  should  provide  good  shielding  and  that, 
remaining  pro b leas  were  those  of  design. 

The  purpose  of1  this  part  of  the  report  ia  to  describe  the  shelter 
that  was  submitted  to  Pickard  and  Bums  Inc.,  for  analysis  under 
Purchase  Order  C.I.  3093-59M.  Preparatory  to  construction  of  the 
teat  shelter,  a  conference  was  held  between  personnel  of  to#  tentage 
Equipage  and  Parachute  Branch  and  Taxtils  Dyeing  laboratory  Branch  ' 

In  order  to  coordinate  construction  aspects  and  electrical  require¬ 
ment*.  Based  on  this  conference  which  considered  the  advice  offered 
by  Mr,  Janas  J.  Glynn  of  Pickard  and  Bums  during  the  work  described 
in  Part  I,  the  design  for  preliminary  testa  was  agreed  upon. 

2.  General  Design  Concepts 

The  Most  obvious  approach  to  the  solution  wan  the  use  of  a 
separate,  light-weight  liner  to  be  suspended  inside  the  thermal 
Insulation  harrier.  In  Part  Z  it  was  ahown  that  a  metallised  nylon 
fabric  (Bwift  Cloth)  oould  function  effectively. 

An  alternate  consideration  suggested  that  the  electromagnetic 
shield  be  incorporated  in  the  thermal  shield.  It  was  hoped  that 
adequate  shielding  could  be  achieved  when  the  reflective  element 
(aluminiaed  wyler)  was  inserted  between  layers  of  the  fiber  glass 
insulation,  furthemcre,  it  was  considered  tost  use  of  a  separate 
liner  for  the  specific  purpose  of  providing  electromagnetic  shield¬ 
ing  mould  be  leea  economical  in  cost,  weight  and  bulk  storage. 

tho  general  deeign  of  toe  prototype  submitted  for  testing  mas 
based  on  use  of  aluadniaed  mylar  Included  directly  as  part  of  toe 
thermal  insulation  system.  In  toe  final  shelters  It  was  intended 
to  suspend  toe  combined  thermal  and  electromagnetic  barrier  within 
a  metal  frame.  Enclosing  the  frame  and  barrier  will  then  be  accom¬ 
plished  by  a  neoprene  coated  nylon  outer  layer. 
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The  co  rial  nod  barrier  lacludsd  two  layer*  of  fiber  glass  Insolation, 
each  1/2*  In  thickness.  Between  these  were  pieced  two  layers  of  1-all 
mylar  fils  which  had  been  vacuum  elnadnlsed  on  one  side  to  produce  a 
surface  resistance  of  about  5  o!  as  per  square.  In  order  to  alnlalao 
abrasion  of  the  effective  surfaces,  the  slurlnlscd  surfaces  sere  pieced 
face-to-face,  thereby  placing  the  unaluaxnlaed  surfaces  in  contact  with 
the  fiber  glees.  A  layer  of  neoprene  coated  nylon  was  used  to  enclose 
this  system.  figure  1  illustrates  the  arrengwrwt  which  see  used. 
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/or  the  prototype  shelter  submitted  for  teat  the  barrier  was 
constructed  of  three  plecae.  The  front  rod  of  the  shelter  was  sera 
directly  to  the  front  half  of  the  side  as  11.  Theuo  two  halves  were 
suspended  fro*  a  tubular  aluminum  frame  with  nyloe  cord  through  from- 
wets,  over -lapping  the  two  halvea  of  the  shelter  about  1*  at  the  centwr. 
This  la  illustrated  in  figure  2. 

The  bottom  edges  of  the  two  ends  and  side  panels  ware  carried  12* 
beyond  the  floor  level  and  the  aprons  so  for— d  ware  turned  In— rd.  A 
ground  cloth  wee  placed  on  the  floor  and  over-lapped  the  apron  fro*  the 
aids  wall  and  sods.  In  the  ground  cloth  the  thersal  insulation  was 
out t ted,  and  thus  it  contained  *  double  layer  of  al— lniaed  aylsr 
enclosed  within  an  envelope  of  eeoprsua  coated  nylon. 

figure  3  wootrs  the  interior  of  the  shelter  with  the  ground  cloth 
in  place,  Prom  this  illustration  it  is  seen  that  the  front  and  of  the 
shelter  wee  provided  with  e  slid*  fastener  closure.  This  wee  necessary 
for  the  test  only  to  peralt  entry  of  personnel  and  equip— nt.  Ta  e 
final  design  entry  will  be  —de  through  an  al  unican  door  and  fra—, 
which  in  itself  riiould  poee  no  shielding  problem. 

Preliminary  results  indicated  that  an  improved  a  Insure  with  better 
shielding  properties  was  necessary  at  the  o enter  over-lap  and  at  the 
ground  cloth  over-lap.  Two  changes  were  —de  in  order  to  inprove  the 
design.  A  beckwtt  closure  with  e  6*  spacing  replaced  the  slap&e  gron— t 
closure,  although  grown ts  were  still  used  as  suspension  points.  The 
other  change  was  to  con  tin—  the  elundaised  nylar  file  out  of  the 
Insulating  bat  and  fold  it  over  in  a  earner  shown  la  figure  It.  By  these 
two  change*  it  —a  hoped  that  e  sore  continuous  reflecting  surface 
could  be  obtained. 


f*rt  HI:  fealastioe  of  Teat  Shelter 


Fr«ak  J.  Ktiso  Frink  0.  Johnson  Alvin  0.  iaasluy 

1.  Intro  t*.  ict  Ion 


Dm  purpose  of  this  port  of  ths  raport  la  to  svtluata  tha  perform¬ 
ance  of  tha  teat  a  halter  described  above  In  t arm  of  sAliterr  naada  far 
electromagnetic  shielding.  It  la  recognised  that  tha  results  of  tha 
study  using  tha  l/L- seals  tlu  taat  structure  can  not  ha  translated 
directly  Into  performance  oi  a  full  alia  structure.  Thai,  a  second 
purpose  la  to  develop  those  aaaantlal  aapocta  which  can  lead  to  a 
recn—snrlsd  design  of  a  full  eeala  nodal. 

2.  Suaeary  of  Teat  Rasul ts 

Tha  flsld  study  lad  to  tha  conclusion  that  adequate  shielding  la 
possible  with  el nor  changes  In  construction  design.  Fro*  a  aatwrlals 
point  of  view  tha  slta&nlied  mylar  permits  attainment  of  tha  object* 
lass.  Qsta  frea  tha  field  study  shear  that  tha  ground  carver  la  aaaantlal 
for  highest,  effectiveness . 

It  was  noted  that  leakage  of  radio  frequency  radiation  occurred  In 
areas  whirs  one  section  over-lapped  another.  Leakage  waa  observed  at 
over-lap  ~~was  at  tha  canter  seas  and  where  the  ground  cloth  aat  tha 
side  wall.  VMa  Indicates  that  assailant  shielding  would  b#  provided. 

If  the  elusdnu'  surface  of  the  *ylar  fils  could  be  nada  continuously 
conducting.  Ho  never,  no  laakaaga  wee  observed  in  areas  therm  refloa¬ 
ting  surfaces  vara  brought  Into  eloee  proximity  by  a  seas  seas.  In 
such  regions  the  reflecting  surfaces  ware  probably  etxnt  1/8“  apart. 
Thus,  although  absolute  electrical  continuity  sight  provide  assured 
shielding.  It  does  not  appear  to  be  absolutely  aaaantlal. 

'  The  leakage  observed  at  the  kippered  entry  does  not  apply  to  tha 
general  problsn  because  no  such  structures  would  be  used  In  a  full 
scale  shelter.  An  aluslnus  door  and  jaafc  are  Intended  for  use  as  tha 
entry. 

Figure  1  illustrates  tha  angles  of  llltadnstlon  used.  Astactora 
ware  placed  within  tha  shelter  and  tha  probe  sowed  to  find  tha  highest 
reading  for  a  given  Illumination  condition. 

Table  I  suit rises  tha  data  obtained  for  tha  test  condition  In 
which  tha  ground  cloth  was  In  place. 
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3.  Rscoamndet:  Qulm 

Financial  support  mu  withdraw!  before  tha  Indicated  re  fin  aunts 
In  design  could  be  aade,  Thar# fora,  this  study  Mill  tanalnats  with 
racowasndatlona  for  tha  following  change#  In  design  which  will  1 *- 
prov#  the  (hi aiding  effectiveness  of  tha  Modal  discussed  *ho*or  These 
raccMmandatlona  are  baaed  on  a  oaraful  ran  aw  of  tha  ruulta  of  tha 
«xpariM#ntal  work,  experience  In  construction  of  pcritblu  shaltaro 
and  discussion  with  electronic  engineering  personnel  of  Pickard  and 
Burn*. 

a.  The  correctlre  Measures  taken  to  laprove  the  shielding 
are  a hove  In  Figure  U  of  the  previous  part.  Although  sufficient  funds 
were  not  available  to  analyse  this  change  thoroughly,  a  spot  cheek 
Indicated  aosw  alight  leprovart.  The  dulgr  of  tha  combined  tharwal 
and  aleetro«agnetlc  barrier  which  la  now  reco— ended  la  Illustrated 
In  Figure  2.  Tha  eeeentlal  future  la  that  elaotrleal  continuity 
depanda  on  areu  In  contact  whloh.  In  tarn,  depend  on  pressures 
produced  by  the  eloeure  system.  The  reason  for  tha  Inadequacy  of  the 
duign  shown  In  Figure  U  was  buckling  of  the  aat  and  the  Manner  In 
which  the  backet  lines  provided  contact  pressure. 
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b.  One  suggestion  for  a  coafclned  suspension  and  closure 
systoa  Is  shown  in  *igure  J.  The  sun  port  bands  should  be  Made  of  an 
appropriate  Metal  (or  other  Material;  which  would  provide  constant 
pressure  against  t.  ft" sue. 

Adoption  of  these  two  techniques  should  insure  that  attenuation 
of  at  least  1*0  a.b.  would  be  provided  throughout  tbs  shelter  at  L- 
band  frequencies.  This  cospares  favorably  with  attanuatlen  realised 
by  commercial,  all  as  tal  dll  elded  rooas.  The  type  of  closure  shown  in 
Figures  6  and  7  would  contribute  Materially  to  the  effecianey  of  the 
thermal  insulation. 


It  should  be  pointed  out  that  the  protection  afforded  by  the  test 
shelter  is  expressed  in  decibels,  s  logarithmic  unit  defined  as 


db  ■  10  log 


brar-i 


Where  P  is  power  (aexlaua  outside  shelter  and  mIhImum  inside) 
in  appropriate  mite.  The  negative  sifr  indicates  s  power  decrease. 
In  tense  of  power  transadtted  s  pro  tec  ti,:.  of  4*0  db  corresponds  to 
e  transmission  factor  of  0.0001  (0.01S);  protection  of  -30  db 
corresponds  to  a  tranaalaalon  factor  of  0.001  (0.15). 

In  view  of  the  results  it  aay  be  appropriate  to  reconsider  the 
alternative  approach  using  a  separate  lining  attached  to  the  inside 
of  the  structure  after  placement  of  the  outer  shell  and  separate 
insulating  beta.  Such  -  liner.  Made  of  silver  treated  faorle  (e.g. 
dynel),  would  provide  adequate  shielding  with  faster  design  problems. 
Since  it  was  shown  by  Pickard  and  tarns2  that  an  ordinary  elide 
fastener,  itself,  act  as  s  slot  Items,  tha  tape  used  In  any  slide 
fastener  in  such  a  cystea  would  have  to  be  Metallised  in  the  saae 
Manner  as  tha  liner  proper.  A  one-piece  liner  of  such  design  would 
cost  aore  than  use  of  Mylar  in  the  insulating  bate;  with  special 
slide  fasteners  the  cost  would  be  even  higher.  Furthermore,  s 
substantial  increase  in  overall  weight  of  a  coexists  shelter  would 
result. 
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